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INTRODUCTION
Sternal fractures are uncommon findings after blunt thoracic trauma, and they have been reported in approximately 8% of blunt chest trauma patients (1, 2) . It is rare that a fracture is associated with cardiac or aortic injuries, but when it is combined with those injuries, such cases are often lethal. Thus, early diagnosis for sternal fracture is essential (3).
Because sternal fractures are clinically difficult to detect by inspection and palpation only, the diagnosis usually relies on imaging. Multidetector computed tomography (MDCT) scan is a major diagnostic tool for fractures, and it can usually detect sternal fracture in the emergency department. However, some patients are not diagnosed with the fracture on anaxial MDCT scan. In these cases, we occasionally visualize and make a diagnosis of the fracture from sagittal reformation of the MDCT scan. Actually many doctors know sagittal reformation of chest MDCT is helpful for the diagnosis of sternal fracture, experientially, but there are no studies to prove the usefulness of sagittal reformation or how useful it is (2, 4).
The purpose of our study is to evaluate how useful sagittal reformation of chest MDCT scan is for the diagnosis of sternal fracture after thoracic trauma.
MATERIALS AND METHODS

Patients and Examinations
Because this study was retrospective, institutional review board approval was waived; however, we did follow regional institutional review board policy.
We retrospectively reviewed medical records and chest CT scans of 716 patients who presented to the emergency depart-images only and then they reviewed both axial images and sagittal reformation images in random order twice in 2-week intervals to minimize the recall bias. During the image review, if there was sternal fracture, the location (manubrium, body or xiphoid process) and grade according to severity, as introduced by Johnson and Branfoot (5), of sternal fracture were evaluated. A case positive for fracture was defined as one that had visible fracture lines involving the anterior or/and posterior side of the sternal manubrium, body, and xiphoid process. In addition, during the review of the axial images only, if there was sternal fracture, reviewers checked the presence of retrosternal hematoma. We removed the patients' information from the Picture Archival and Communication System dataset and selected one from 82 patients in randomized order before allowing the two radiologists to review the axial sets and the axial and sagittal sets of this patient. They were allowed to change the window width and level, and all processes were achieved as blind analysis.
Statistical Analysis
We investigated numbers and locations of diagnosed sternal fractures on axial images only and on both axial and sagittal images for each radiologist. We compared the sensitivity for making the diagnosis before and after adding sagittal reformation images for each radiologist using the chi-square test, and the interobserver agreement between two radiologists on axial image only and on both axial and sagittal images, using dependant kappa value. Statistical analysis was performed using SAS (version 9.0; SAS institute, Cary, NC, USA) to compare sensitivity and to evaluate the interobserver agreement using dependent kappa. Statistical significance was calculated at the 95% confidence interval (p < 0.05). 
RESULTS
Radiologist
Image Analysis
Two radiologists (First: 3-year-trained resident; Second: 6-yearexperienced radiologist with chest-subspecialized fellowship) independently investigated the chest CT scans of these patients.
We only informed the two reviewers of the trauma history, without any other clinical information. To avoid focusing on the sternum only, thus creating bias, and for them to make a similar routine practice, we requested full thoracic evaluations after sagittal images. Of 22, 10 (45.5%) were found to be grade I sternal fractures; 9 (40.9%) of 22 were found to be grade II; and III (13.6%) of 22 were found to be grade III. Radiologist 2 made the diagnosis in 14 additional patients (Fig. 3) . Of 14, 10 (71.4%) were found to be grade I sternal fractures; 2 (14.3%) of 14 were found to be grade II; and 2 (14.3%) of 14 were found to be grade III. We also further classified the location and grade of additionphoid process 3, missed 15) on axial images only and 81 patients (98.7%: manubrium 22, body 56, xiphoid process 3, missed 1) on both axial and sagittal images. In addition, 51 (63.7%) out of 80 patients had retrosternal hematomas. These 51 patients found with retrosternal hematomas by radiologist 2 had sternal fractures (Table 1, Figs. 1, 2) . Radiologist 1 additionally made the diagnosis in 22 patients with sternal fracture on both axial and A. With axial images, two radiologists did not find any abnormality of sternum. B. With sagittal reformation images, they found cortical disruption in anterior aspect of mid sternal body (white arrow). C. Bone scan after 2 weeks, there was radioactivity in sternal body (white arrow). And there were some activities in Rt. 5th, Lt. 3-4th ribs due to multiple rib fractures (black arrowheads).
Fig. 2. The patient with traffic accident.
A. With axial images, two radiologists did not find any abnormality of sternum. B. With sagittal reformation images, they found cortical disruption in posterior aspect of mid sternal body (white arrow). C. Bone scan after 2 weeks, there was radioactivity in sternal body (white arrow). And there were some activities in Rt. 4-9th, Lt. 6-9th ribs due to multiple rib fractures (black arrowheads). Several previous studies have described the usefulness of sagittal reformation images of chest CTs for sternal fracture (4, 10, 11) and shown the diagnostic superiority of the sagittal reformation images over the axial or coronal reformation images (12).
In addition to the previous studies, we specifically investigated the increased chance in making a diagnosis of the fracture by adding sagittal reformation images rather than observing axial images only. In particular, we analyzed results respectively for 2 radiologists with different experiences. Comparing these results, we could explain the decreased difference for diagnosis of sternal fracture between them.
Because the sternum is fixed by articulations via clavicles and the superior seven costal cartilages of both sides (13), the vector of the force in trauma impacts the sternum from anterior to posterior (14), and the fracture line usually runs from anterior to posterior and fracture fragments displace anteriorly or posteally diagnosed sternal fractures for each radiologist (Table 2) .
After sagittal reformation images were added, both radiologist had increased their sensitivities of making the diagnosis from that when they examined the axial only images (p < 0.05, respectively). With both radiologist, when examining the axial only images, the interobserver agreement using dependent kappa was low (kappa value = 0.596); however, when examining both axial and sagittal images, the interobserver agreement was increased (kappa value = 0.872).
DISCUSSION
CT is the modality of choice to evaluate anatomic detail as well as pathologic conditions of the sternum (6, 7). Sternal fracture may occur in any segment, but it most commonly affects the body of the sternum (8). Because the presence of sternal fracture implies high-energy trauma, the importance of sternal fractures lies in the high frequency of associated injuries such as A. With axial images, first radiologists did not find any abnormality of sternum, but second radiologist found cortical disruption in anterior aspect of mid sternal body (white arrow). B. With sagittal reformation images, they found cortical disruption in anterior aspect of mid sternal body (white arrow). C. Bone scan after 1 weeks, there was radioactivity in sternal body (white arrow). And there were some activities in lower sacrum due to sacral fractures (black arrowhead). Further, sagittal reformation images decreased differences of diagnosis between the two radiologists owing to more precise confirmation for the fractures. Because of differences in experiences, it is sometimes difficult to distinguish sternal fracture from a motion or respiration artifact on axial images alone. When sagittal reformation images are added, they help in comparing suspicious findings with other body parts involving ribs and mediastinal structures, and that enables us to make a diagnosis of sternal fracture more easily and certainly. Therefore, we conclude that including sagittal reformation images can minimize the gap for making diagnosis of the fracture among radiologists, as our study result showed increased interobserver agreement for this reason.
Nevertheless, our study had several limitations. First, we investigated the confirmed patients with sternal fractures, and the study was not able to obtain other diagnostic performances such as sensitivity, specificity, or positive or negative predictive values.
Second, we reviewed axial images and sagittal reformation images obtained with 2.5 mm thickness. Finally, we did not compare diagnoses based only on sagittal images with those made using axial images alone.
In conclusion, sagittal reformation of chest CT after trauma helps to diagnose sternal fracture. If sagittal reformation images of chest CT are added after trauma in emergency departments, it will enable physicians to make the diagnosis of sternal fracture more easily, thus leading to proper treatment.
